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The subsonic and transonic  handling gualities of the Douglas D-358-11 
research  airplane were investigated  with  several  configurations of m i d -  
semispan external stores in  the  alt i tude  region between x),OOO and 
40,000 feet .  The configurations tested consfst& of an underslung pylon 
on each wing, pylons plus  sfmulated DAC (Douglas Aircraft Co. ) 
1,m-pound bmbs , and pylons PILI8 AAc Lw-gallon fue l  tanks. Results 
of  the tests were compared with carparable  data  obtained  with  the  clean 
.airplane. 

The pylon and the pylon-bmb configurations  generally had a amall 
or  negligible  effect on the handling qualit ies of the airplane. The 
trends exhibited i n  the characteristics m e a s u r e d  with  the pylon-tank con- 
figuration were generally the sane as f o r  the clean airplane; however, 
significant changes in   t he  magnitude of the parameters measured were 
sanetimes  apparent,  particulazly at the higher  speeds  tested. 

Numerous wind-tunnel investigations have been performed t o  deter- 
mine the  effects of externally  carried  stores or packages ( fue l  tmks, 
bmbs, rocket packs, etc. ) on the characteristics of various high- 
performance a i r c ra f t  (refs. 1 t o  4) .  L i t t l e  had been done, hawever, t o  
determine i n  flight the  effects of these external stores on the b n 5 l i n g  
qualities, performance, and loads of a hlgh-performance aircraf t ,  and 
the aerodynamic loads on the stores. Therefore, the National Advisory 
Cammittee for  Aeronautics has been  conducting f l i gh t   t e s t s  of the 
Douglas D-558-II reeearch  airplane witb ei ther  a midsanispan underslung 
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pylon sttached t o  each wing, the pylons  plus  simulated llAC (Doughs A i r -  
c r s f t  Co. ) 1,OoO-pound bcanbs, or the pylons plus DAC l’jo-gallon fue l  
tanks. For  ease of reference these configurations will be referred t o  
i n  this paper as the. pylon  configuration,  small-store  configuration, and 
large-store  configuration,  respectively. The effects of the stores on 
the subsonic and tramonic  longitudinal and lateral handling qualit ies 
of the airplane are presented- and di.scussed i n  this paper. The resul ts  
of the performance  phase of the  investigation m e  presented in .ref- 
erence 5.  

This research was performed 88 part  of the  cooperative Air Force- 
Navy-NACA High-speed Flight Program a t  the  request of the Bureau of 
Aeronautics, Department of the Navy,  and es conducted a t  the RACA High- - 

Speed Fllght  Station a t  Edwards, Calif. 

normal-load factor  or  acceleration, g units 

transverse  acceleration, g lmits 

w i n g  span, f t  

airplane normal-force coefficient, %W/qS 

rate of change of normal-force coefficient  with angle 
of attack, d+ da, per deg 

A I  

r a t e  of change of lateral-force  coefflcient with angle 
of sideslip, dcy/ap, per deg 

wing chord, f t  

aileron control  force, lb  

elevator  control  force, Ik 

r a t e  of  change  of elevator  control  farce with normal 
acceleration, lb/g 
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rudder  control  force, UI 

r a t e  of change of rudder pedal force with sideslip 
angle, III /aeg 

acceleration due t o  gravity,  ft/sec2 

pressure  altitude, f t  

s tab i l izer   se t t ing  with respect t o  Fuselage  center 
line,  positive when leadhg edge of s tab i l izer  is up, deg 

free-stream Mach number 

perlod of 1ongitudFnal o r  l a te ra l   osc i l la t ion  xLth controls 
fixed, Bec 

r o u g  ve loc i ty ,   raans /sec  

wing-tip h e U  angle,  radians 

variation of wing-tip  helix  -le with to ta l   a i le ron  
deflection,  radians/deg 

pitching  velocity,  radians/.sec, or  free-stream dynamic 
pressure, lb/sq f t  ’ 

pitching acce lera t ion ,   raana /mc2 

yawing velocity , r&ans/sec 

w i n g  area, sq ft 
time required for the  Longitudinal o r  la teral   controls-  
fixed oscil lation t o  demp t o  one-half  amplitude,  sec 

t h e ,  sec 

true  airspeed,  ft/sec 

indicated  airspeed, mph 

airplane weight, lb 



angle of attack of airplane  center  line, deg 

angle of sideslip, deg 

total   ai leron  deflection, deg 

r a t e  of change of aileron  deflection with sideslip  angle 
( apparent  effective  dihedral parameter 1 

elevator  deflection  with  respect t o  stabil izer,  deg 

r a t e  of change of elevator  deflection  with  airplane normal- 
force  coefficient, deg 

rudder deflection with respect t o  ver t ical  tail, deg 

r a t e  of change of rudder deflectian v i t h  sideslip  angle 
(apparent  directional  stability  parameter) 

slat position, in .  

Subscripts : 

L l e f t  

R right 

b 

h 

The Douglas D-558-11 airplane used in this  investigation is equipped 
w i t h  both a rocket and a turbojet engine. The rocket  engine, a Reaction 
Motora, k c . ,  LR8-m-6, exhausts out the tail of the a i r p h e ,  and a 
Westinghouse J34-WE40 turbojet engine  exhausts out the bottagn of the 
f w e h g e  between the wing and t he   t a i l .  The airplane is  air-launched 
froan a Boeing B-29 mother airplane. 

. .. 

. 
A 
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Figure 1 shows photographs of the  airplane  in  both  the  large- and 
amall-store  configurations.  Figure 2 presents a three-view d r a a  of 
the  airplane  in  the  large-store  configuration.  Pertinent dlmensions 
and characteristics of the  airplane  are Usted in table  I. 

The slats  located along the leading edge and over the  outer  portion 
of the wing may be locked closed, or  they may be unlocked and f ree  
floating. In the unlocked condition  they  are normally closed at low 
angles of attack o r  normal-force coefficient and open with  increase in  
angle of attack. The left and right wing slate  are  interconnected and 
are always i n  appmxlmately  the 8- position  relative t o  each other. 

The airplane is equipped with an adjustable  stabil izer f o r  longitu- 
dinal  trim, but no means were provided for  trimming aileron and rudder- 
control  forcea. No aero3ymd.c  balance  or  control-force  boost system 
is used on any of the controls. m a u l i c  a v e r s  are installed on a l l  
control  surfaces t o  aid  in  the  prevention of control-surface buzz. 
Dive brakes are  locate3 on the rear portion of the fuselage. 

(1 I f  

The pylon and the stores  investigated were provided by the Douglas 
Aircraft Co. Though differing i n  size,  the stores had efmilar shapes, 
and the tail f ins  were i n i t i a w  located i n  planea a t  45O t o  the  vertf- 
cal.  Emmer, f o r  ground clearance  purposes,  the fins on the large 
store were r o t a t e d  45' i n t o  the  ver t ical  and horizontal  planes and the 
lower f i n  was removed. Since  the pylons w e r e  designed for   the large 
stores ,  it ms necessary t o  modify them t o  f i t  the small stores. A 
drawing of each store  configuration is presented in   f igure 3; Tables U: 
t o  IV present the dimensions of the pylons, small stores, and Large 
stores,  respectively. 

St- I?ACA recording instruments were installed in the afrplane 
t o  measure the folloKFng quantities  pertinent  to this investigation: 

Airspeed 
A l t i t u d e  
Angle of attack . 
Angle of sideelip 
Normal and transverse  acceLerations 
Roll, pitch, and yaw velocit ies 
Pitch  acceleration 
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Elevator,  stabilizer, aileron, rudder, and slat positions 
Elevator,  aileron, and rudder  control  forces 

A l l  instruments were  synchronl.eed.  by a c m o n  timer.. 

Airspeed, altitude,  angle of attack, and angle of  sideslip were 
m e a S U e d  on a fuselage nose born. Angles of attack and Bideslip are 
presented as measured, with only instrument  correctiom  applied. The 
possible Mach number error is about kO.01 a t  M < 0.80 and increases 
t o  about k0.02 at M a  0.95. 

TESTS 

Static  longitudinal  stabil i ty and control  chmacterist ics were 
obtained fran speed runs near 35,OOO fee t  and Wina-Up turns between 
Mach numbers of 0.50 and 1.03 at alt i tudes between 22,206 f ee t  and 
39,400 feet .  Usually-, the higher Mach number turm were performed 
a t  higher  altitudes.  Elevator  pulses, performed between Mach numbers 
of 0.49 and 0.75 at altitudes of 22,000 f e e t   t o  27,OOO feet ,  were 
used to  obtain  the  longitudinal dynamic characterist ics.  --speed 
data w e r e  obtain& fram 1 g stall approaches i n  the following con- 
dit ions:  slats locked; slats unlocked (free t o   f l o a t ) ;  and landing  
( s l a t s  unlocked, gear d m ,  flaps d m ) .  

Sta t i c  lateral and directional  characteristics  were-obtained fram 
gradaally  increasing  constant  flight-path  sideslips, abrupt ai leron 
r0116, and trim m s  ..at Mach numbers bekweq 0.44. and 1.04 at. a l t i tudes 
between 22,000 fee t  and 36,000 feet.  Lateral damping characteristfcs 
were obtained from rudder  pulses performed between Mach numbers of 0.50 
and 0.87 and between al t i tudes of 20,000 feet and 32,000"feet. 

-. ., 
" 

Both the longitudinal and lateral pulses were abrupt inputs with 
an effort  being made to   re turn and hold the.controls a t  the trim con- 
di t ion w h i l e  the osci l la t ion dmp& out. - - .. . .  , 

The center of gravity  for  these tests wag located between 24.0 
and 27'.4 percent of the mean aerodynamic chord f o r  all d6nfiguratlom; 
t h i s  i s  similar t o  the  center-of-gravity  location at which the clean 
airplane was previously  tested, .thereby  permitting a d i rec t  canparison 
of resul ts . .  .. . 
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The results  presented  herein axe samewhat limited - particularly 
i n  regard t o   t h e  dynamic characteristics of the  airplane - because 
only a few flights were o b t a b d  with each external-store  configuration. 
Sufficient  data w e r e  obtained, however, to establish  trends of , the 
effects of the stores on the   s tab i l l ty  and control  characteristics of 
the  airplane at subsonic and transonic  speeds.  Since most of the tests 
were performed. i n  the  wge-store  configuration and only artall differ-  
ences were noted in the data f o r  the various  configurations, most of 
the  data  presented me for  the  large-store  configuration. 

!The incremental l i f t  and drag effects  for  the  large-store configu- 
ration  are shown in  reference 5 and i d i c a t e   t h e  appreciable  increment 
of  drag prcduced  by the stores,  especially at M > 0.9. In addition, 
the  pi lots  commented that they detected an increasd   pena lw i n  airplane 
performance with an increase in  s ize  of the  stores  investigated,  partic- 
ularly at transonic  speeds. 

I;ongitudinal Stability and Control Characteristics 

hwitudina1trim.- The longitudinal trfm characteristics of the 
D-558-11 airplane in 1 g flight at 811 a l t i tude  of 35,000 f e e t   i n  the 
configurations tested were s tab le   to  M ss 0.83 (fig. 4). Above 
M = 0.83, the elevator required f o r  trim &ibi%ed several  successively 
unstable and stable trends t o  M = 0.98; above this speed the aLrplane 
became extremely stable. Except f o r  a difference i n  level of 6, for  
t rh ,  the  trends f o r  the airplane with the various store  configurations 
were the same as f o r  the clean  airplane (ref. 6). Some of this differ-  
ence in the  level  of 8, required r n q  be due to   t he  s tab i l izer  set t ing 
it; however, lover values of trim control may be noted f o r  the pylon and 
large-store  configurations. 

Dyaamic characteristics.- The  dynamic longitudinal  characteristks 
of the  airplane with storee are presented in figure 5.  These data indi- 
cated a negligible  effect of the pylon and amall-store configurations 
on the  period and. damping c h a r a c t d s t i c s  of the  clean  airplane (ref. 7). 
The large-store  configuration -decreased. t he   s t a t i c   s t ab i l i t y ,  aa Mi- 
denced by a increase i n  the  period of about 0.7 second.. SFmultaneously, 
the damping r a t i o  increased as mch  as 0.07. These effects  for  the 
large-store  configuration  resulted in a negligible  effect on the time 
t o  damp t o  half amplitude. Pylon and small-store configurations  also 
improved the damping ra t io ,  but this improvement was less  than  with  the 



large-store  configuration. The p i lo t s  could  detect l l t t l e  o r  no effect  
of the  stores on the  dynamic characterist ics of the airplane. 

- 
Accelerated maneuvers. - Time hls tor ies  of several representative 

turns are presen-kei. i n  figure 6 fo r  Mach number8 of 0 .&I, 0.80, and 0.95. 
Because only small differences were noted in   the   da ta   for   the   d i f fe ren t  
store  configurations,  only  data  for  the  large  stores are presented. 
Stabi l i ty   plots   for   these turns me presented in   f igure 7. In  most cases 
these maneuvers w e r e  not extended much beyond heavy buffet  or a decrease 
in   s t ab i l i t y .  After the airplane  experienced  the  decrease  in  stability, 
a subsequent  pitch-up  followed at all speeds from M = 0.5 t o  0.95; t h i s  
w a s  particularly  severe at the lower altitutles and between Mach numbers 
of 0.80 and 0.95. The pilot  reported tmt fo r  modera t e .  rate inputs, 
buffet  provided ample w a r m i n g  t o  enable  the  pilot   to remain below the 
pitch-up boundary. These effects w e r e  also exhibited by the clean air- 
plane (ref. 6) .  In order t o  present  control-position  data  for  static 
trimned conditions and t o  determine more accurately  the  angle of attack 
where the decrease in  s t ab i l i t y  occurred,  values of 5, were corrected 
for  pitching  acceleration when neceasary;  these  values me presented i n  
figure 7. The a n g l e  of attack where the decrease in s t ab i l i t y  occurred 
i s  indicated by the ver t ical   t icks   adjacent   to  the curves of Ee plotted 
against a in figwe 7. 

Ccnrrparisons of the variation of noml-force  coefficient C and 
NA 

n 

elevator  deflection 6, with angle of attack f o r  the three  store con- 
figurations we made f o r  .several M a c h  number.s i n  figure. 8. The, data  .for 
t h e  'clean  airplane  (ref. 6 1 are  also  presented. At smsll angles of 
attack  the  data  for  the  three  store  configurations and the  clean air- 
plane  are  essentially  the same i n  trend. Differences  noted i n  the level 
of elevator  position are a resu l t  of the  different s t ab i l i ze r  settinge 
used for  these maneuvers. The decrease i n  s t ab i l i t y  noted  previously 
for  the  large-stare  configuration during dynamic  maneuvers (by the 
increased period of osci l la t ion)  W&B not  apparent during the  accelerated 
maneuvers perfomed. BOwever, this decrease in s t ab i l l t y  did became 
apparent when a canparison wag made of the  values of the apparent sta- 
b i l i t y  parameter d E e p  fo r  t he  various configurations and the clean 

L 

. _. 

NA 
airplane,  as will be 'discussed. A t  higher  angles of attack  the differ- 
ences i n  the  variations of 6, with a resu l t  fram the  effects of the 
stores on airplane  s tabi l i ty  and m~qf be the resu l t .o f  changes in   t he  
flow  over the airplane empennage. The appreciable  differences  noted i n  
the  variation of  6, with a for  the various  store  configurations 
frm M = 0.93 t o  M = 1.00 and angles of attack  louer  than bo 
( f ig .  8( c ) ) w e r e  probably due t o  the Large differences  in  control 
effectiveness at each Mach  number tested  rather  than to any effects of b 
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the  different store configurations. Above an angle of attack of 4' in 
the  reglon fram M ss 0 . 9  t o  M w 1.0, the speed. decrease3  rapidly 
during the maneuvers; therefore,  the v a r i a t i o n s  of 8, with a exhib- 
ited by the  various  store  configurations  result fram trim changes as 
well 86 changes i n  s t ab i l i t y  due to  the  stores.  Wo apparent change in  
longitudinal  control  effectiveness was noticed by the pilots  with  the 
various  configurations,  other  than the FncreaBe of -6 inertia maments 
with  the stores i n  attpmoting 8 wind-up turn. 

Figure 9 presents the boundary f o r  decreased s t a b i l i t y  f o r  the  three 
store  configurations and the  clean  airplane (ref. 6). The boundazies 
fo r  the store  configurations were found t o  be essentially  the same 88 
f o r  the  clean  airplane. 

Values of the stabill- and control effectiveness pazameters C N ~ ,  

dSe/dCNA, and dF./ds fo r  a Mach nurdber range frm 0.49 t o  1.03 fo r  

the various store  conffgurstians are camparmi with ccnap'arable data for  
the  clean  airplane ( rd .  6) in figure LO. The values of % were 

essentially the same f o r  the three  store  configurations and the clean 
airplane  except between M ss 0.85 and M - 0.96. In this  region % 
f o r  the large-store  configuration decreased rapidly t o  a value of 0.074 
at  M = 0.91, then  increased u i th  increaee in  Mach number t o  M - 0.96. 
Frm  the Limited data  obtained w i t h  the  small-store  configuration, it 
could  not be determined if  % f o r  thLs configuration had the same 

decrease between M = 0.85 and 0.96 as noted in the large-store  data. 

Act 

A, 

%. 

For a l l  configurations tested, the apparent s t ab i l i t y  pasameter 
tBe/dCNA waa  approximately  constant at a value of about 9 below M = 0.80 

and increased  rapidly  to about 60 at M = 1.02. Although slightly lower 
in  value,  the trends of ds e with Mach number for  the s tore  con- 

figurations were the same as fo r  t h e   c l e a n   a f r p h e .  
I .  

The stick-force gradient dFe/d% increased.  gradually fram 8 con- 
stant value of about 10 lb/g below M = 0.75 t o  a value of about 22 lb/g 
at M = 0.9. Abwe M = 0.90, values of dF da,  increased  rapidly t o  

the  values of dFe/d.+ over the speed. range tested, bu t  the basfc trends 
of the  data  for the store configurations and the.  clean a i rp lane  were the 
same. 

e l  
' a value of over 1x) Ib/g a t  M = 1.02. The stores  decreased slightly 
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Buffet boundary.- Figure ll ccnrrpares the  buffet boundary for the 
three  store  configurations with t h e  boundary for-the  clean  airplane 
(ref.  6).  The pylon and small-store  configurations have eisentially 
the same boundary as the  clean  configuration. However, the  buffet bound- 
ary w a s  generally lower . .. f o r  the  large-store  configuration and xaa readily 
apparent t o  the pflok. Pilots  reported tha t  the intensity of buffeting 
encountered above the  buffet  boMary g e n h a l u  appkar;?a heavfer  xFth  the 
store  configurations  (especially' with the large store)  than with the  clean 
airplane. . .  

. 

"Speed  Characterist ics 

S t a l l  approaches were performed with  the  airplane i n  each of the 
three  store  configurations. However, since no appreciable  difference 
w a s  found due t o  cordiguration,  'time  histbSii"(  fig. l.2) and s tab i l i ty  
p l o t s  ( f ig .  13) are  presented only for  the Large-store- cbnfiguration.. 
The s t a l l  approach c s - i t i o r m  €est& w e e   s l a t s  locked ( f i g s .   E t a )  
and 13(a)), slats unlocked. and free ko'float (figs. E ( b )  and 13 b)) ,  
and the  landing  configuration  (figs. U ( c )  a&l 13( c )  1. 

The data of -figures L2 and l 3  show that   the   s tabi l i ty  of the air- 
plane  increased and was maintained t o  a h e r  speed when the   s la ts  were 
unlocked; s tab i l i ty  was furtheFimprqved i n  the  landing  condition. It 
w i l l .  be noted that ip the  slats-unlocked condition, the  pilot maintained 
the  stall-approach maneuver t o  a lower s p i d t h a n  in  the landing con- 
dition; however, appreciable loigitudinal e.& Lateral unsteadiness are 
apparent at these lgwer speeds. In  general,  with a decrease i n  speed 
a l l  stall-approach maneuvers  were accamp&ieX by- increased  lateral and 
longFtudFna1 u n s t e a e s s ,  w h i c h  w 8 s  alSo'Wki&teriStiC of the clean 
airplane  (ref. 8). 

A 

. .  

4 

A camparison of the  variations of airplane  nomal-force  coefficient 
and elevator  deflection  with  angle of attack for each of the store con- 
figurations is presented in figure 14. me stores' sppe&d t o  have 
l i t t l e ,  i f  any, effect on. the aomal-force-~~&%e  sl6pe when  ccpnpmed t o  
the  basic  airplane data (ref.  8 ) .  These data for  the  basic airplane are 
not included in t h i s  pap% because they ar'e essentially  the same as the 
data for the  store  configurations.  Ekcept.for a slightly different 
level of S, fo r  a given angle of a t tack (attributed t o  different  stabi- 
l izer  sett ings),   the  trends  indicatd by t h e   m i a t f o n  of Ee with a, 
for   the  different   a tore   confipat ians  and the  basic airplane were the 
same. All corrigurations had a neutral or negative  &ability  at  the 
higher  angles of attack. 

_ .  

. , . . .  - . " 

- 
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With the  large-store  configuration  the  pilots  reported.  that  the low- 
speed character is t ics   in  smooth air during a landing pattern were essen- 
t i a l ly   t he  same as for  the  clean  airplane. In  rough air, however, the 
airplane responded less  t o  h i t i a l  gusts with the s tore  attached, and 
less  control was necessary  during an qproach t o  a landing. If the air- 
plane began rolling and  yawing  upon encountering rough a i r ,  damping with 
the large-store  configuration was  less than with  the  clean  airplane ard 
8 tendency to  overcontrol o r  even cross-control w&s apparent. No appre- 
ciable change in  airplane  attitude w&8 noticed during touchdown with any 
configuration. 

h t e r a l   S t a b i l i t y  and Control  Chmacteristics 

l a t e ra l  and directionaltr5.m.- Tfie lateral and directional trim 
characteristics of the airplane with stores are canpared with the data 
f o r  the  clean  airplane  (previously  unpubliehed) in figure 15. Gener -  
ally,  the rudder  deflection  required f o r  trfm for  the pylon, small-store, 
and clean  configurations was the same and increased slightly with  increase 
i n  Mach number.  The trend of the rudder deflection  required. with the 
large-store  configuration w a s  essentially  the same except that  about lo 
more left rudder was required over the Mach nmber  range tested.. 

The aileron  deflection  required f o r  trim over the speed range was 
generally the same f o r  the pylon, amall-store, and clean  configurations. 
Below M = 0.9, the aileron  deflection  required. for these  configurations 
w a s  essentially  constant  (about 3 O  right), with a slight trim change pres- 
ent   a t   h igher  speeds. Below M = 0.9, the aileron required to  t r im the 
airplane  in  the  large-store  configuration w a s  nearly constant and approxi- 
mately lo greater than f o r  the other configurations . Above M = 0.9, an 
appreciable  transonic t r b  variation,  characterized by a left-wing drop, 
is  apparent f o r  this configuration. The trim change abwe M 0.9 prob- 
ably  results frm the  aggravated  campressibility and interference  effects 
w i t h  this store  configuration, as well 86 the  rduced afleron effective- 
ness i n  this speed  range. 

Lateral ayaamic characteristics.-  Lateral dynamic characteristics 
of  the  airplane  with  stores were obtained f m  rudder pulses and are  can- 
pared t o  those of t he  clean -Lane (unpublished data) in   f igure 16. 
The stores had l t t t l e  effect  on the  period of the oscil lation and slightly 
decreased. the  time t o  amp t o  one-half  amplitude A slight imprwe- 
ment i n   t he  damping ra t io  is shown f o r  the  store  configurations and it is 
apparent that the large-store  configuration had the most desirable lat- 
eral dynamic characteristics. The p i l o t s  could  not detect  any effects 
of  the  stores on the m i c  characteristics d l  the a i r p h e .  



. 
Sideslip  characteristics.-  Typical examples of sideslip  characteris- 

t ics   are   presented in  figure li' f o r  Mach numbers of 0.35, 0.80, and 0.98. 
These basic p lo ts  of lateral, directional, and longitudinal  control =le6 . 
and forces, and side  force as a function of sideslip  angle were eesen-- 
tially linear Over the angle-of-sideslip  range tested. A t  the  larger 
angles of sideslip, a negative  pitching mcanent was present  that  required 
an increase in  6,. As the speed increased,  the  angle of sideslip 
obtained  decreased as a resu l t  of the  large pedal forces  required by the 
unboosted control system; therefore,  only  about 1' of s idesl ip  could  be 
obtained on each sFde of trim at M = 0.98. 

. .  

Figure 18 summarizes the  s idesl ip   data   for  the airplane with stores 
and contains a canparison with the unpublished sideslip characterist ics 
of the clean  airplane. The addition of stores increased -% a8 much 

as 50 percent. Pylons had little, i f  any, effect . .  on C y  - however, as 

the   s ize  of the storea  increased,  increased. Values of aFr/dp 

fo r  the three  store  configurations test& were the same &8 for  the  clean 
airplane. The apparent  directional stability parameter I .I . ,  er /d$ w a s  

$ 

P' 

essentially the same for  the different  configurations, excep.t fo r  a 
sright  increase above M = 0.9 fo r  ,the large-store  configuration. The 
apparent  effective  dihedral  parameter d6 dg . for   the  pylon J -11- 
'store  configuration, and the  clean d r p l a n e  were the same. Below 
M = 0.9, d s , / a p  for  the  airplane in  the  Large-store  configuration was 
slightly greater  than for the clean  drplane. Above M a 0.94, a $ d g  
for  the  large-store  configuration was nearly  double  the  corresponding 
value for  the clean  airplane. For a l l  configurations  investigated, 
d€l$dg decreased a;bruptly t o  a value of about  zero at 14 = 0.92, and 
rapidly  increased t o  a value equal t o  or  grester  than  the subsonic value 
at M > 0.92. 

4 

R o l U  characteristics.- Figure 19 presents  the  variation of wing- 
t i p   he l ix  angle with aileron  deflection  for  three  representative Mach 
numbers for   the Large-store  configuration. These variations were U e a r  
f o r  the  control  deflectiona tested and were typical   for  a l l  configuratione. 

Figure 20 presents  the aileron effectiveness parrameter pb/2V over 
6, 

the Mach  number range"tested and ccmgares these values vfth unpublished 
data for the clean  airplane. In general,  the  addition of the stores 
decreased  the  value of pb 2v for  a given Mach number. A n  increase  in 

the size of the store  resulted i n  a decrease i n  
-& pb/2v 

'a . 

0 

. 

n 



The pi lots  were unable to  detect  any change i n  lateral   control 
effectiveness with the mi- configurations,  other than the  increase 
of m a s s  iner t ia  moments with  the  stores in attempting a rudder-fixed 
r o l l .  

The results of a flight investigation, f m  a Mach number of approx- 
imately 0.45 t o  a Mach  number  of approximately 1.05, of the Douglas 
D-558-11 research  airplane equipped with  several  configurations of exter- 
nal  stores have indicated that the smaller midsemispan store installa- 
tions  generally had a -11 o r  negligible  effect on the  handling  quali- 
t i e s  of the airplane. With the large-store  configuration, the trends 
exhibited i n  the longitudinal and Lateral trim, stall  approach, dynamic 
and static s tab i l i ty  and control, and buffeting  characteristics were 
generally  the same 88 for  the clean  airplane; however, significant 
changes in   the  magnitude of the parameters measured were sametimes appar- 
ent,  particularly at the  higher  speeds. 

The large-store  configuration effected: a decrease in   the  subsonic 
static  longitudinal  stability; an improvement i n  the lateral damping 
characteristics a t  subsonic speed; an appreciable  left-wing drop at a 
Mach number greater than 0.9; an appreciable  decrease Fn lift-curtre  slope 
between a Mach nmnber of about 0.85 and 0.96; a slight decrease i n  the 
level of  l i f t  for the  onset of buffeting a t   a l l  subsonic  speeds; and an 
appreciable  increase in apparent  .dihedral  parameter  dgddp  particulmly 

number greater than 0.94. The side-force  parameter C, 

and the aileron  control  effectiveness parameter 

with an increase i n  the  size of the storee . 
pb/2V ’ 
8, 

at  a Mach 

increased 

decreased 

High-Sped FUght Station, 
National Advisory Committee for  Aeronautics, 

EdwardEi, C a l i f .  , July 30, 1957. 
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NACA RM -7HI-2 

wing: 
Root airfoil  section (Mlmal to w-parcent chord . 
mp aFrfoFL B e c t i s m  (Ilbnnal to Jo-p-t chad. 
of uaswept panel) HAcd 63-010 

of unswept panel) . . . . . . . . . . . . . . . . . . . . . . . . . .  6J1-00L2 
Total area. e q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175 Bpan. it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Meaaa-c charb, in . . . . . . . . . . . . . . . . . . . . . . . .  8-7-31 
Root ckmd (mllel to plant of e), in . . . . . . . . . . . . .  108.31 
Tip chord (paralleL t o  PUR of symmetry). in . . . . . . . . . . . . . .  6118 

&pet   rat io  
Taperratio o.* 

Sueep at 30-percent Ch0l.a of unswmpt panel. deg 
3-57 . . . . . . . . . . . . .  35 

&eep of -0, deg . . . . . . . . . . . . . . . . . . . . . . .  9.8 
krcidence at hraehge center h e .  deg . . . . . . . . . . . . . . . . .  3 
Mhedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(kcmetric M s t ,  

-3 

Total aileron m-7- or -e b e ) ,  sq ft 
0 . . . . . . . . . . .  9-8 

Aileron travel ( e a c h ) .  deg . . . . . . . . . . . . . . . . . . . . . . . .  
Totalf leparea.  sqft 22-58 

215 

Flap travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  go 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Horizontal tail: 
Root airfoi l  section (nom to p-pcrceslt chord 

of w e p t  panel) . . . . . . . . . . . . . . . . . . . . . . . . . .  63-0I0 
n p  a i r f o i l  section (Ilarmal to 30-percent c m  

~ r e e  ( i n ~ ~ t n g  fuselage). sq it 
of unewept panel) RAcA 634m . . . . . . . . . . . . . . . . . . . .  39.9 Bpaa.in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.6 

l 4 e a n a - c M . h  . . . . . . . . . . . . . . . . . . . . . . .  41.n 
Root chord (paralleL to p a  of m e  . . . . . . . . . . . .  53.6 . . . . . . . . . . . . .  26.8 
-per ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
A e p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8ueeQ a t  J0"t cbplrd line of upgyept panel. deg 

3.59 . . . . . . . . . . .  40 
Mh-1, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
~lrnrtar area. SQ rt . . . . . . . . . . . . . . . . . . . . . . . . . .  
Elevator travel, d&g 

9.4 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Lcsdingdgeup . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

mp chord (FLLel to pLane o r  

BtabFuzer travel, dag 
Leadingedgedown . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

VSrtLcal tail: 
Nrfoi l  section (noma1 to 3O-percent  chord of 

kea. s q f t  5.6 
Height fian fuselage center line. in . . . . . . . . . . . . . . . . . .  98 
Root chord (parallel to fuselage cent- line). in . . . . . . . . . . . .  1k6 
n p   c m  ( m h l  to iusehge center u). . . . . . . . . . . . . . .  44 

Rudder area (reamaz& of m e  b e ) ,  sq it 6.15 
Gveeg angle at 30-percent chord of mept -el. aag b9 

Ruaaer t ravel .  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  -wept panti) WCA 63-010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . . . . . .  
Fuselage: 

Length, ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 Haxirmnnbiameter.in . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
Fineness ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Sped-retarder area, sg ft . . . . . . . . . . . . . . . . . . . . . . .  S - a  

W n e a  : 
T u r b o J C t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J-*-ME-kO 
Rocket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "-6 

Airphe weight, lb: 
Full Jet an3 racket fuel . . . . . . . . . . . . . . . . . . . . . . . . .  15. 
r ~ u ~ e t f ~ e ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12, Ja2 
Nofuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. 822 



TABLE IC.- CROSS-SECTIONAL DIMENSmRS OF PYIDN 

[Stations and ordinates given in inches 1 

StatFon 

0 

-5 

1.0 

2.5 

5.0 

7.5 

lo .O 

12.5 

17.0 

17.5 

20.0 

22.5 

23.0 

27.5 

2 O r d i n a t e  
I Station ‘ 
Ordinate 

0 

.51 

-72 
1.11 

1- 53 

1.82 

2.04 

2.21 

2.34 

2.43 

2.48 

2-50 

2.50 

2.50 

L.E. radius: 0.275 

T.E. radius: 0.045 

Station 

30 .o 

32-5 

38.5 

41.0 

43.5 

46.0 

48.5 

51.0 

33.5 

58.5 

63.5 

66 .o 

Ordinate 



TABSE III.- DIMENSIONS OF SMALL STOH3S 

(DAC 1,W-E'OUND BOMB) 

[ S t a t i m  and radii given i n  inches] 

" - " 

Sta t ion  

S ta t ion  

0 

4 

9.0 

15.7 

22.3 

29 .O 

35.7 

42.3 

48.0 

34.7 

59.7 

66.3 

L.E. slope: 

L.E. radius: 0.25 

T.E. radius: 0.75 

Sta t ion  

73.0 

79.7 * 

86.3  

93.0 

98.7 

m2.0 

105.3 

108.7 

112.3 

115.0 

117.7 

120.0 

Radius 

6.61 

6.15 

5.55 

4.83 

4.14 

3-72 

3.28 

2.83 

2- 33 

1.96 

1.45 

0 
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(DAC 1 5 0 - W N  FUEL TANK) 

[Stations and radii given in inches 1 
- L"". 5 

LC 

Stat ion Radius 
. .  

Station Radius 

0 
6 

13.5 
23 -5  
33.5 
43.5 
53.5 
63.5 
7 3 -  T 
83.5 
89.5 
99.5 

Station 
4 

109 - 5 
119.5 
3-29.5 
139.5 
L48.0 
153.0 
158.0 
163.0 
168 :5 
172.5 
176 5 
180.0 

Radius 

9.91 
9 -23  
8.32 

6.22 
5.93 

7.24 

4.92 
4.25 
3 - 5 0  
2-93 
2.17 
0 

L.E. slope: Tan = 0.531 
L.E. radius: 1.00 
T.E. &ius: 1.00 



WACA RM ~ 5 7 m 2  

E-1866 
(a) Large-store configuration. 

Figure 1.- Photographs of stores configurations  investigated. 
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I-. 
-4.7- 

~ 1 1 6 1  
I 

(b) h l l - s t a r e  configuration. E-1164 

Figure 1. - Concluded. 
a 



NACA RM H57KL2 “ 

300 

Figure.2.- Three-vlew d r a w i n g  of the airplane i n  the large-store 
configuration. A l l  dimensions in inches. 

.* 
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(a) Pylon configuration. 

(b) Small-store  configuration. 

... 
.. 

(c) Large-store  configuration. 

. . .  -* 

Figure 3.- Details of each store  configuration  investigated. All 
dimensions in inches. 
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se, de 

Down 

9 

.7 -8 -9 I .o I . I  
M 

Figure 4. - Elevator deflection required for longi tudinal  trim for 
d l  configurations tested. D-558-11 airplane; hp = 35,OOQ feet; 
w = 13,000 pounds; = LO. 
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hp, ft Large store Small store Pylons 
22,000 to 24,000 0 e e 
24,000 t o  26,000 0 P m 
26,000 t o  27,000 0 Q + 

Clean configuration 20,000 f t  (ref. 7) 
""" Clean configuration 30,000 ft (ref. 7) 

5 

-4 

13 
_"" 

c" 

-24 .5 .6 .7 .8 
M 

Figure 5 .  - Dynamic longi tudinal  characteristicB far all configura- 
t ions  tested. D-558-11 airplane. 
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NACA RM H57EL2 

Nose up 4 

radiandsec 
q, 

OL-"" 
"- 

(a) M = 0.60; % = 23,500 'feet; it = 1.700. 

Figure 6.- Representative  time histories of wind-up  turns  performed 
with the D-558-I I  airplane in the  large-store configuration. 
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M 

cNA 

Nase up 

q, radfans/sec 

0 lzEi3! i - -  . .  

.4 :E .2 

.4 

0 " \ 

.4 . - . "  

0 2 4 6 8 1 0  

t , sec 

(b) M = 0.80; $ = 28,700 feet;  it = l.55O. 

Figure 6.- Continued. 
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1 .o 
M 

.90 

.8 

.6 
CNA 

.4 

.2 

4- 

o n t g  2 
”” 

0 2 4 6 8 IO 12 14 16 I8 
t, sec 

Figure 6 .  - Concluded. 



.6 

M 

No correction fo r  4 necessary 

0 4 8 82 
Q l  deg 

(a) M = 0.60; % RS 23,300 feet; it = l.70°. 

Figure 7. - Representative stability  plots of wind-up turns performed with the D-558-11 alr- 
plane in the large-store configuration. 
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. .  . .. 

I I 

I2 

LO 

.a 
cNA 

.6 

.4 

.2 

(a) M a 0.60. 

0 4 8 12 .I6 20 
a deg 

(b) M = 0.80. 

0 4 8 12 16 20 24 
a1 deg 

(c) M * 0.95 to 1.00. 

Figure 8 .- Ccmrparbon of normal force and apparent stability characteristics of the 
D-558-11 airplane for  the configurations  tested. 

. .  
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cNA Configuration 

0 Large store 
Small store 

.6 .7 .8  .9 I .o 
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Figure 9.- Boundary f o r  decreased stability of the D-558-11 airplane 
fo r  all configuratione tested. 
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NACA RM H57Hl.2 - 
C . .08 

NAci 

.O 6 

80 
Configuration 

60 0 Large store 
Small store 

0 Pylon 

0 

"" Clean (ref. 6 )  
40 / 

/ 
/ 

@ 
20 

0 

160 

I20 

80 

' 40 

0 - 
4 -5 .6 . f  .9 I -0 
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33 

Figure 10.- Comparison of the longitudinal stability and control 
effectiveness parameters of the D-59-11 airplane for  the con- 
figurations tested. 
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Figure 11.- Buffet boundary of the D-558-11 airplane for the configurations tested. 
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Vi,  5 1  
I50 

Right 16 

12 

0 

-4 
Nose up 
Right 

PI q, r, 
radiandsec 

UP 
Right 

.4 

0 

.4 
8 

4 

0 

I I I I I I J 
K ) 2 0 3 0 4 0 5 0 6 0 7 0  

t, sec 

(a) Slats-locked  condition. 

Figure 12.- Typical time histories  of stall approaches  performed with 
the D-558-EL airplane in the  large-store  configuration. 
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8, , in. 

(b) Slats-unlocked condition. 

V 

Figure 12. - Continued. 
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(c) Landing condition. 

Figure l2.- Concluded. 



NACA RM EI57Hl-2 

(a) ~la t s - locked   cona t ion .  

Figure 13.- Typical   s tabi l i ty  plots of stall approaches  performed with 
the D-338-11 airplane i n  the large-store configuration. 
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I .2 
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cNA 
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I30 140 150 1 6 0  I x )  180 190 200 210 220 2x> 240 
V i ,  mPh 

(b) Slats-unlocked  condition. 

Figure 13. - Continued. 
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Figwe 13.-  Concluded. 
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I v 

0 4 8 12 16 20 
.a, deg 

(a) Slats-lacked condltlon. (b) Slats-docked condition. 

0 4 8 12 16 20 
a, deg 

(c) Lancling condition. 

Flgure 14. - C-son o f  normal force and apparent stability characteriatics obtalne8 durbg 
s ta l l  approaches o f  the D-59-11 airplane. 
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hp, * Large stores Small stores Pylons 

20, ooo to 23,000 0 0 0 
23,000 t o  26,000 P I 
26,000 to 29,000 0 8 + 
30,000 to 32,000 A A A 

20,000 ft clean configmatLon (unpublished data) 
"" 30,000 ft clean configuration (unpublished data) 

3 

P, sec 2 

I 

.O 8 

5 .O 4 

0 
.4 .5 .6 .7 .a .9 

An 

Figure 16.- Lateral aynamic characteristics of the D-558-11 sirplane 
for the  configurations tested. 
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Right 80 
p u l l  

6 0  

40 

20 

5.h Ib 0 

20 

40 

60 

CY 

.O 8 

0 

-x)4 

. . .  . " 

Figure 17.- Typical variations of control  positions, control forces, and 
side-force coefficient with sideslip angle f o r  the D-558-11 airplane, 
i n  the large-store configuration. 
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-08 

.04 

CY 0 
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-.OS 
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B, deg Right 

(b) M - 0.80; % = 37,300 feet. 

Figure 1.7. - Continued. 
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( c )  M - 0.98; $ = 36,000 feet. 

Figure 17. - Concluded. 
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Configuratfon 
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